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Introduction
Bovine theileriosis in Egypt is an important
tick-borne disease occurs in Egypt since 1947 (Na-
gaty, 1947). It is considered as destructive obstacles
to livestock production because it causes severe
losses, especially in indigenous breeds (Dolan,
1989; AL-Hosary, 2009). Early and accurate diag-
nosis plays an important role in the prevention and
control of this disease. Conventional diagnosis of
this disease usually based on the microscopic ex-
amination of Giemsa stained thin blood films
and/or lymph smears, but it usually limited to the
acute phase of the disease when the parasitemia is
high enough to be detected microscopically (AL-
Hosary, 2009). During the chronic and carrier states
of the disease molecular tools play an important
role in the detection of infection. Reverse line blot-
ting (RLB) is a test used to detect and differentiate
all known Theileria and Babesia species as de-
scribed by Gubbels et al. (1999). Recently, Loop-
mediated isothermal amplification (LAMP) assay
was developed and considered as a novel method
for DNA amplification, where it is amplified with
high specificity, efficiency and rapidity under
isothermal conditions according to Notomi et al.
(2000); Nagamine et al. (2002); Salih et al. (2008).
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Evaluation of Loop-Mediated Isothermal Amplification (LAMP) for Diagnosis
of Theileria annulata in both Cattle and Buffaloes in Upper Egypt
Amira A.T. AL-Hosary1*, Laila S. Ahmed1, Ulrike Seitzer2
Loop-Mediated Isothermal Amplification (LAMP) assay was used for detection of Thei-
leria annulata infection in field samples from both cattle and buffaloes. These samples
were collected from three governorates in Upper Egypt that include Assiut, EL-Fayoum
and EL-wady EL-Gaded governorates. Reverse Line Blot (RLB) assay was used as a ref-
erence test for evaluation of LAMP assay efficacy in the diagnosis of bovine theileriosis.
The obtained results revealed that according to the results of LAMP assay the infection
rates were 65.24% and 43.24% in cattle and buffaloes, respectively. The evaluation study
of LAMP test revealed high sensitivity in cattle (78.10%) if compared with buffaloes
(47.37%). Specificity was higher in buffaloes (61.11%) if compared with cattle (57.53%).
This study concluded that the LAMP assay was sensitive and specific assay in diagnosis
of Theileria annulata infection. So, it is recommended to use LAMP assay, especially dur-
ing molecular epidemiological surveys, which should be applied on a wide range because
it will give a clear picture about the epidemiology of the disease, which helps in its pre-
vention and control.
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The present study was designed to evaluate the
LAMP assay for the diagnosis of Theileria annu-
lata infection of cattle and buffaloes in Upper
Egypt.
Materials and methods
Animals
A total number of 210 cattle and 37 buffalo be-
long to different localities in EL-Fayoum, Assuit,
and EL-Wady EL-Gaded governorates were sub-
jected to this study.
Sampling
Whole blood sample from suspected animals by
jugular vein puncture on vacutainer tubes contain-
ing EDTA as anticoagulant (1mg/1ml) and marked
with numbered labels in the field (Coles, 1986),
and then stored at -20°C till use in DNA  extrac-
tion.
DNA Extraction
DNA extraction from whole blood and lymph
samples was carried out according to commercial
kits (QIA amp blood kit, Qiagen , Ltd , UK ).
Loop-Mediated Isothermal amplification assay
Six specific primers (F3, B3, FIP, BIP, LF and
LB) for detection of Theileria annulata were de-
rived from the sequence of the unique gene of Thei-
leria annulata strain Ankara hypothetical protein
(GeneDB TA04795) (Pain et al., 2005). LAMP
primers (F3, B3, FIP and BIP) were designed using
Primer Explorer V4 program (http://primerex-
plorer.jp/e/), while loop primers (LF and LB) were
designed manually. The primers were synthesized
by MWG Biotech AG (Munich, Germany). The se-
quence of each primer and location within the tar-
get sequence are shown in Table 1.
LAMP reaction conditions
The reaction was performed in a final volume
of 25 µl, which contained 12.5 µl 2xLAMP reac-
tion buffer (20 mm Tris–HCl (pH 8.8), 10 mm KCl,
10 mm (NH4)2SO4, 8 mm MgSO4 and 0.2%
Tween 20), 125 lm each deoxynucleoside triphos-
phate, 0.8 m betaine (Sigma-Aldrich Chemie, Mu-
nich, Germany), 8 U of the Bst DNA polymerase
large fragment (New England Biolabs, Frankfurt
am Main, Germany), 40 pmol each FIP and BIP
primers, 20 pmol LF and LB primers, 5 pmol each
F3 and B3 primers, and 2 ll of target DNA. The
mixture was incubated at 63°C for 45 minutes
using Biometera thermo cycler (TECHNE TC–
312), and then heated at 80ºC for 5 minutes to ter-
minate the reaction.
Detection of the LAMP product
An aliquot of 8 µl of LAMP product was sub-
jected to electrophoresis on a 1.5% agarose gel in
a Tris-acetic acid-EDTA (TAE) buffer at 90 V for
1 hour, and then visualized under UV light after
staining with ethidium bromide. In addition, LAMP
amplicons were detected directly by the naked eye
by the addition of 1.0 µl of 1:10 diluted SYBR
Green I (Roche Diagnostics, Mannheim, Germany)
to the mixture and observation of the solution color.
The solution turned green in 1 min in the presence
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Table 1. LAMP primers designed for Theileria annulata and used in this study
of a LAMP amplicon, while it remained orange
when no amplification occurred (Figs. 1).
Evaluation of Loop-Mediated Isothermal amplifi-
cation assay
Evaluation of LAMP as a method of diagnosis
against RLB as reference test was carried out in the
current study. Evaluation parameters included sen-
sitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and combined
predictive value (CPV) according to Thrusfield
(2005).
Results
The results of the current study confirmed the
infection rates by using the LAMP assay as follow-
ing 65.24 % (137/210) and 43.24 % (16/37) among
cattle and buffaloes, respectively. RLB assay was
used for confirmation of T. annulata infection
among examined cases. The infection rates were
confirmed 65.24% (137/210) and 51.35% (19/37)
among cattle and buffaloes, respectively (Table 2).
The results of the LAMP assay (Fig. 2) were
evaluated by using the results of the RLB assay as
a reference test. The finding of the evaluation study
in cattle recorded true positive, true negative, false
positive and false negative as 107, 42, 31 and 30,
respectively. Accordingly the estimated sensitivity,
specificity, PPV, NPP and CPV were 78.10%,
57.53%, 77.54%, 58.33% and 70.95 %, respec-
tively (Table 4). The finding of the evaluation study
in buffaloes recorded true positive, true negative,
false positive and false negative results as follow-
ing 9,11,7 and 10, respectively. Accordingly the es-
timated sensitivity, specificity, PPV, NPP and CPV
of the conventional diagnostic method were
47.37%, 61.11%, 56.25%, 52.38% and 54.05%, re-
spectively (Table 3).
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Table 3. Evaluation of LAMP test for diagnosis of Theileria annulata against RLB assay in cattle and buffaloes
Table 2. Rate of genetically confirmed infection among tested samples using RLB assay
* RLB finding were considered as the reference test.  
A: true positive,    b: true negative, c: False positive, d - false negative,  e: Positive predictive value, f: negative predictive value, 
g: Combined predictive value
Fig. 1. Detection of LAMP amplicons by using SYBR Green.
A) Showing positive result with SYBER Green (green color).
B) Showing negative result with SYBER Green (orange
color).
Fig. 2. Agarose gel showing the LAMP results (ladder like
pattern) lines (1:4) were positive, line 5 was negative, line 6
was positive control, line 7 was negative control and line 8
was 100bp DNA marker.
Discussion
LAMP assay was used for the first time to detect
Theileria annulata infection in field samples col-
lected from cattle and water buffalo in Upper
Egypt. The obtained results revealed that the infec-
tion rate in cattle and buffalo were (65.24% and
43.24%) respectively. These findings were evalu-
ated against RLB assay as a reference test esti-
mated sensitivity, specificity, PPV, NPP and CPV
which were 78.10%, 57.53%, 77.54%, 58.33% and
70.95 %, respectively in examined cattle and
47.37%, 61.11%, 56.25%, 52.38% and 54.05%, re-
spectively in examined buffaloes. According to the
obtained results of this study this test is sensitive
and specific especially during sub clinical and/or
carrier cases which are most common in buffalo.
This could be contributed to the ability of buffaloes
to resist the infection through innate factors and
cell mediated immune response in addition to low
affinity of the protozoan parasite (Theileria annu-
lata) to the buffaloes' cells as previously mentioned
by Stagg et al. (1983); Baldwin et al. (1986). The
low affinity of the parasite to the buffaloes cells
makes the conventional and some molecular assay
for example Tasm-1 target based PCR low sensitive
to detect the infection in buffaloes except in acute
stages as previously mentioned by AL-Hosary
(2013). On the other hand, LAMP assay uses Bst
polymerase rather than Taq DNA polymerase
which used in standard PCR. This Bst polymerase
enzyme has can’t be inactivated by immunoglobu-
lin G or any other blood components. So, it is better
than other polymerase enzymes. LAMP assay can
amplifies DNA with high efficiency under isother-
mal conditions, it is highly specific for the target
sequence and it is simple and easy to perform once
the appropriate primers are prepared. LAMP
method can be used to different biological sub-
stances with the determination of the suitable pro-
tocol to process the DNA template. This feature
makes it easy to use in different laboratories con-
ditions. This test provides a useful diagnostic tool
in a clinical laboratory, particularly in resource-
poor countries, in which bovine  theileriosis is a se-
rious endemic disease according to Notomi et al.
(2000); Grab et al. (2005). 
Conclusion
It could be concluded that the LAMP assay is
recommended for diagnosis as well as epidemio-
logical surveys of Theileria annulata in order to
prevent and control of this disease in Egypt espe-
cially in water buffaloes. 
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